Supporting decision-making in the sugar industry with integrated seasonal climate forecasting by Stone, Roger C. et al.
[ ]46 
Supporting decision-making in the  
sugar industry with integrated  
seasonal climate forecasting  
Roger C. Stone, Neil Cliffe, Shahbaz Mushtaq, University of Southern Queensland;  
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An integrated approach has been developed linking seasonal climate forecasting models to sugar yield, production and sugar content models in order to improve predictability of 
the size of the Queensland sugar crop in any year.
Queensland produces 90 per cent of the Australian sugar crop, most 
of it destined for export. In this respect, approximately 32 million 
tons of cane and 5 million tons of raw sugar is produced in a ‘normal 
climate year’. To produce this amount of sugar there are approxi-
mately 4,000 cane farms, 24 sugar mills and six bulk storage ports, 
making export agency Queensland Sugar Limited (QSL) the third-
largest sugar supplier in the world. Climate extremes, especially 
excessive rain during the harvesting period (June to November) 
can result in massive losses for the entire industry – from the farm 
production component through to the milling and especially the 
marketing and export components. For example, in 2010, one 
component alone of the sugar industry suffered a loss of Au$500m 
following excessive rain through the entire harvest period, due to 
the development and continuation of the major La Niña event. This 
resulted in yield downgrading and inability to harvest many crops 
due to wet weather and flooding. Appropriate climate forecasting 
systems, especially those that have the capability to be integrated 
into sugar yield models and core decision systems, are urgently 
required to be developed and included at various stages of the 
management cycle in the sugar industry. 
QSL requires precise forecasts of total yield, the likelihood of 
‘standover cane’ (cane that cannot be harvested) and other likely 
disruptions due to weather and climate, especially excessive rain 
and lack of potential for dry spells. Other industry sectors are also 
closely involved, particularly all the sugar mill owners and opera-
tors in Queensland but also the cane growers themselves and their 
farming organizations such as the Queensland Cane Growers’ 
Council. Direct knowledge of seasonal climate forecasting oppor-
tunities will allow farmers to make better decisions for the coming 
seasons about:
• Planting and harvesting
•  Farm equipment purchases, which need to be more aligned to 
the season ahead – such as the purchase of irrigation equipment 
in potentially excessively dry seasons compared with purchase of 
tractors with wide tyres in potentially excessively wet seasons
•  Scheduling of harvesting operations in potentially wet seasons to 
harvest the wet blocks first.
For farming and mill production, the following types 
of climate information are used:
•  Southern Oscillation Index (SOI)-derived seasonal 
forecasting (SOI phases)1 for regional-scale forecasts 
updated each month on a rolling three-month basis
•  Outputs from the new generation of seasonal 
forecast outputs locally and internationally, such as 
Bureau of Meteorology general statements of likely 
El Niño Southern Oscillation (ENSO) conditions, 
amd US Climate Prediction Center outputs on 
potential for El Niño and La Niña events 
•  Specific web-based services of the University of 
Southern Queensland (USQ), Bureau of Meteorology 
and other bodies
•  Regular production of targeted climate forecast 
newsletters that provide reviews of the various 
climate forecast products currently available, 
specifically written for local regions and 
incorporating ‘farmer jargon’ where possible.
Export and marketing agencies use a fully inte-
grated yield production model incorporating crop 
simulation model input (such as the Agricultural 
Production Systems Simulator (APSIM) and 
Canegrow) integrated with statistical climate fore-
cast systems (SOI phases etc.), but also likely soon 
to incorporate aspects of the model code associated 
with Global Climate Model seasonal forecast systems 
such as Bureau of Meteorology POAMA/ACCESS; UK 
Met Office and European Centre for Medium-Range 
Weather Forecasts (ECMWF) seasonal forecast 
output downscaled to local regions. This type of 
output is in research mode only at this stage. Once 
deemed suitable for operational use, a direct opera-
tional system may be developed emanating directly 
from the climate agency itself. 
The climate forecast information issued for 
growers and millers is tailored to the extent that 
the timing of issue of key aspects of the forecast 
is closely aligned with the major decisions being 
made across the state both ‘on-farm’ and at the mill 
production level:
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•  The more targeted forecasts are provided by USQ’s 
climate scientists and agronomists using peer 
reviewed and verified climate forecast systems, 
mostly developed in-house
•  Aspects associated with gathering the exact needs 
of growers and millers are derived from exhaustive 
workshops held in every growing region of the 
state. These workshops are highly effective and 
facilitated by a well-recognized extension specialist, 
who is also versed in climate forecasting systems 
and their output.
Stakeholder involvement
Stakeholders were identified following extensive meet-
ings and workshops with the leading marketing and 
export agency and the leading grower representative 
body in the Queensland sugar industry. The following 
stakeholders were consulted within a focused meeting 
and workshop environment:
• QSL
•  The Queensland Cane Growers’ Council and each of 
its local branch offices
•  Each of the eight sugar mill managers and key staff
•  Some individual growers known to the project 
managers though previous research project activity.
The focused meeting and workshop process distilled 
the key issues, although this took a number of months 
to achieve.
Key agencies including the UK Met Office (Hadley 
Centre), the Centre for Australian Weather and Climate 
Research, James Cook University (JCU) and USQ were 
among the agencies consulted on the research and 
‘product’ output process, with USQ leading the project.
Climate forecast information and associated research 
is provided by climate scientists at USQ in collaboration 
with the Bureau of Meteorology (Australia) and the UK 
Met Office. Aspects related to ECMWF involvement are 
negotiated through the UK Met Office. 
Targeted output for the sugar industry is provided 
by USQ’s Australian Centre for Sustainable Catchments 
through the auspices of QSL specialist management 
staff and local branch offices of the Queensland Cane 
Growers’ Council and the Queensland Department 
of Agriculture, Forestry and Fisheries. More specific 
output will be provided through focused workshops 
conducted directly with various agencies involved with 
the sugar industry.
USQ (previously through the Queensland govern-
ment) has established its own published and verified 
targeted seasonal climate forecasting system and this 
forms the mainstay of the required detailed seasonal 
climate forecasting outputs for the sugar industry. 
Importantly, this system can be seamlessly integrated 
into (sugar) crop simulation models such as APSIM and 
other yield forecasting models.2 
 With regard to the ‘new generation’ of climate model 
outputs (GCM) to be incorporated in a research frame-
work for long-lead decision-making, agreements have 
•  Close attention is paid to the output of probabilistic forecasts 
of likely extreme conditions, especially the potential for 
excessive rainfall according to the user’s pre-defined criteria, 
but also in terms of aspects such as forecasts of numbers of 
frosts through the growing season and the need for extra 
irrigation activity
Source: Y. Everingham and QSL, 2012
An example of climate forecasting-yield forecasting output from a 
past year, using both targeted seasonal climate forecasting and 
crop modelling for each of the terminal mill regions in Queensland
Source: After Hammer, 2000; Everingham et al., 2002; Stone and Meinke, 2005
The relationships between scale, information, content and 
decision makers in defining a systems-based approach to 
applying seasonal forecasts in agriculture – a key example 
from the sugar industry
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been made or are being made with the UK Met Office and Bureau 
of Meteorology for the development of suitably designed, more 
targeted output systems. 
Funding
The above programme for the Queensland sugar industry is directly 
funded as a research and development project by QSL ($A2.7m 
plus all data and travel costs). Thus, following earlier funding by 
a research and development corporation through levies made on 
the value of crops harvested in any year, the funding is now being 
provided directly from the private sector. This process was neces-
sary because climate science and developments in seasonal climate 
forecasting could provide obvious benefits to all sectors of the 
Queensland sugar industry, which was suffering massive losses, 
especially in La Niña years.
The project has a five-year timescale with plans to provide 
continuous funding beyond that if the research and development 
and ongoing output is deemed to be successful in aiding deci-
sion-making across the industry, especially in the exporting and 
marketing sectors. 
Making it happen
There are four key institutions involved in climate forecast and crop 
modelling provision:
•  USQ – climate science, engineering, remote sensing, aspects of 
downscaling, farmer education, and project leadership
•  JCU – key aspects of crop simulation modelling
•  UK Met Office (through a research agreement) – research 
involving the capability of a new generation of climate models 
(UK Met Office and ECMWF) for the sugar industry in 
Queensland; provision of data feeds from current GCM outputs
•  Bureau of Meteorology – provision of outputs from POAMA/
ACCESS model into an integrated overall modelling system; 
provision of generalized output involving the Madden Julian 
Oscillation, including information provided by the Tropical 
Climate Bulletin. 
The current project development involves QSL, Queensland Cane 
Growers’ Council (head office and all branch offices) and the 
Queensland Department of Agriculture, Forestry and Fisheries 
(both head office and the Mackay regional office).
It should be noted that the above activity is currently within a 
research and development framework. If deemed successful by all 
sectors of the sugar industry, especially the marketing 
and export sections of the overall value chain, then 
an operational system involving regular provision of 
output will be provided by a combined team compris-
ing the UK Met Office and the Australian Bureau of 
Meteorology, the current operational statistical seasonal 
climate forecast system in use in Queensland and also 
used by the Queensland Government, and crop model 
output runs developed by USQ and JCU.  
Evaluation
A full feedback process conducted through intensive 
workshops is an integral part of the project. The research 
project will be evaluated against agreed milestones in 
October 2012. Each workshop is evaluated through 
use of a carefully designed questionnaire provided to 
each participant. The project and project funding (and 
follow-up services) will be adjusted in light of the 
evaluation received, especially by the donors. Aspects 
related to climate change are not directly included in 
the project.  
Capacities
At present, mostly existing personnel have been 
engaged in the research project and development stages 
of this work. These include two climate scientists (one 
at PhD level), one mathematics/statistics specialist (at 
PhD level) one sugar cane crop simulation modelling 
specialist (PhD level), one specialist extension office 
(at MSc level) and computer programming project 
support staff.  
It is probably a mistake to regard the separation of 
capabilities according to whether individuals are ‘users’ 
or ‘developers’. In this project there are two climate 
scientists with very extensive research publication and 
operational capabilities, located at USQ. They interact 
with key climate scientists at the UK Met Office and the 
Bureau of Meteorology, and they also have the capacity 
to liaise directly with agronomists and crop model-
lers engaged at JCU. Key user agencies such as QSL or 
Queensland Cane Growers’ Council do not have climate 
scientists on their staff; rather, they employ chemical 
engineers or environmental scientists. 
Some capacities are lacking. It can be difficult to 
locate climate scientists within national organizations 
who have the required breadth of understanding of the 
computerized interfacing needs in linking a climate 
model to a crop simulation model, for example. Rather 
complex software development is needed that can inte-
grate all modelling and output systems involving a 
wide range of expertise. Additional challenges involve 
the sheer effort required in developing legal agreements 
between agencies and associated activity.
A massive amount of innovation is needed if one is 
serious about linking climate science with real decision-
making, especially if the output required is much more 
than normal climate variables, such as ‘tons of sugar 
per hectare’ or similar. The key innovation is in devel-
opment of engineering and software systems that can 
Source: USQ/JCU
Example of forecasting probability values of excessive rainfall 
– Macknade Sugar Mill, North Queensland (values shaded in 
green are statistically significant)
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provide the integration necessary for complex outputs – which is 
often where the decisions exist.
What next?
The project’s goals are to ensure continued improvement to the 
provision of yield and other outputs which involve climate forecast 
systems as opposed to mere ‘outputs’. This means there is a need for 
awareness of breakthroughs and developments in seasonal forecast 
systems (especially coupled models) and that these must be created 
in such a way as to allow integration into decision systems.
The research programme and operational outputs described here 
could easily be scaled up for application in any region where sugar, 
or other crops, is grown.
The project’s main challenges are:
•  The need for continued funding – it is easy to lose ongoing 
funding with the result that the same industry unnecessarily 
suffers from the same impacts for a number of years
•  The need for closer interaction with key industry sectors (not 
necessarily the ones first thought of such as farmers, but to 
address issues across the entire value chain in production)
•  Keeping all relevant agencies ‘on side’ as it may not necessarily 
be the local agency that has the best research capacity in 
integrated climate systems research and development.
This project satisfies the principles of the Global Framework 
for Climate Services. All countries could easily benefit from the 
approach and the model outlined here can be applied for all coun-
tries, although aspects related to the value of climate systems to 
marketing and trade would need further evaluation for certain coun-
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Source: QSL, USQ, JCU Source: USQ/JCU
A climate forecasting fact sheet provided to QSL for the use of 
millers, farmers and other general users of the information that 
will be provided both during the course of the research and 
development stage and when the process becomes operational 
Sugar farmer Darren describes his decision-making in 
his own words, in early winter 2009, after attending a 
‘Managing for Climate’ workshop in Mackay, Queensland, 
Australia:
“Climate pattern in transitional stage so I keep a watchful 
eye on the climate updates.”
“I take special interest in the sea surface temperatures 
(SST) particularly in the Niño 3 region.” 
“There is currently some indication of warming in the 
Niño 3 region which hints at a possible El Niño pattern 
developing.”  
“Replant would be kept to a minimum.”
“Harvest drier areas earlier, even if commercial cane sugar 
may be affected.”
“We don’t run the farm based solely on climate information 
and forecasts, it’s just another tool to consider when 
making decisions.”
Darren’s decision-making concerns use of seasonal climate 
forecasting information in sugar cane harvesting and 
replanting. Note the detail of understanding and ownership 
of climate information and forecasting this farmer has 
gained through involvement in participatory research and 
focused workshop activity.
tries. The programme addresses all three geographic 
domains identified in the principles: local farmers and 
mills, regional production issues, and global trading 
and marketing issues. Operational climate services are 
the core element of the project – but there is a need to 
recognize the importance of the capability of the under-
lying system to be integrated into other systems such as 
agricultural models.
A real-world farmer example
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